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Content presentation

ÅOverview VERIFIED project

ÅIntegrated Vehicle Dynamics Control

ÅFlexray in-car network
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Purpose: Methods and tools to develop verifiable, 
reliable and safe ñby-wireò systems for 
vehicles demonstrated in a vehicle with 
active suspension, by-wire steering and by-
wire braking.

Result: Improved safety and reliability

Investment: ú5.6 million

Duration: 22/04/09 ï01/07/11

Consortium: TNO, TU/e, NXP, ICT, Verum.

Overview
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Consortium

Å TNO

ï Automotive research: active safety, homologations, crash testing, powertrains

ï Integrated Vehicle Dynamics control

ï Vehicle State Estimation

ï Active chassis control systems (by-wire steering, active suspension)

Å TU Eindhoven

ï Real-time systems

ï Networked control systems, Vehicle Dynamics Control

Å ICT

ï ICT consulting, embedded systems

Å Verum

ï ASD software tool for formal verification of software

Å NXP

ï Flexray, time triggered automotive network system
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Project

ÅReliable software 

ÅActive systems
ïActive suspension

ïSteer by wire

ïBrake by wire

ÅIntegrated vehicle dynamics control

ÅHuman Machine Interaction

ÅNetworking -> Flexray

ÅRealtime systems

ÅDemonstrator
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Methods and tools

Å Model based control design

ïGuarantee robustness

ï Guarantee stability

ï Easy and fast tuning

Å Model based software development

ï Fault detection

ïControl Logic

ï Initiation logic

Å Deterministic in-car network

ï Flexray

ï Time triggered
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Integrated control
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Market trend
Å Number of active chassis control systems

in todays vehicles increases

ï Braking 

ï Driveline / differentials

ï Front / rear steering 

ï Suspension

Å In addition,

ï Airbags, restraints, é

ï Side impact protection

Å These systems act relatively independent

ïOverall performance not optimised, 

ï Inefficient solution with respect to cost

ï Conflicts between systems might occur!
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Market trend
ü Proper integration of chassis systems required

ïOptimise overall system performance and avoid conflicts

ï Create synergy between systems

ï Structured (brand dependent) tuning possible

ïReduce cost of ECUôs and sensors

ü Model based estimation using combinations of sensors

ï Providing reliable and consistent input for vehicle dynamics control 

and other applications (safety)

ï Provide signals that are not measured directly

ï Compensating inaccuracy, noise, off-set etc.

ï Cost saving (reduce sensors, lower resolution)

Integrated Control

State Estimation

+
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Flexray network
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Vehicle model
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Test: J -Turn on polished ice 60 km/h (ESP off)

delay

blue line = measurement corrsys

red line = VSE estimate

estimated tyre-road friction [-]

lateral acceleration [m/s2]

estimated bank angle [º]

slip angle rear axle [º]

TNO VSE Technology
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Optimal control

Optimization of 

control gains

Reference based on 

user input

Control

Model evaluation

Vehicle

Sensors

Vehicle state 

estimator

Actuators
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Integrated control

ÅOptimization of control inputs
ïRedundent actuators, 

(4 brakes, 1 (or 2) steer input, 4 suspension inputs, torque 
vectoring)

ïUser preference

ïBrand DNA

ïNonlinear dynamics (e.g. tyre friction)

ÅModel based on 3D car model
ïVehicle State Estimator

ïController design

ïVerification (virtual car)
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Flexray
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Drivers of Vehicle weight reduction

FlexRay will enable the electrification of certain functions in todayôs vehicles

Weight reduction is realized through replacement of mechanical systems by 

electro-mechanical / electrical systems. 

Car manufactures want to use as few resources as possible
ï Lower cost

ï Lower environmental impact

Examples: 
ï Electrical Power Steering [removes hydraulics, hoses, pump -> less weight]

ï Electrical Power Steering [reduces power consumption as it only consumes power 

when there is actual steering movements]

ï Steer-by-wire [removes steering column, steering fluid reservoir, hoses, belts]

ï Brake-by-wire [removes brake booster, vacuum pump, park brake lever]
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NXP is the leading IVN Innovator
Driven by consortia, leading car brands & technology providers

1994 1996 1997 1998 1999 2000 2001 2002 2003 2004 20051995 2006

First automotive

high-speed CAN

transceiver in 

volume

Inventor of the 

fault-tolerant 

CAN transceiver 

concept

First to produce 

single-wire CAN

transceiver

First to develop 

true Fail-Safe 

System Basis 

Chips

Philips/NXP 

cofounder of 

FlexRay 

Consortium

Shipped 2 

billion

automotive 

transceivers

4 out of 5 cars

in Europe 

included NXP 

CAN network 

devices

2007 2008

Released 

silicon of 

TJA1080 

FlexRay 

transceiver

First implementation 

in BMW X5

1 Billion

transceivers 

shipped!

First to develop 

FlexRay

transceiver
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NXP in FlexRay

FlexRay technology enables a revolutionary new architecture of the in-
vehicle network
ïBandwidth 10x higher than existing systems 
ïFlexRay: 10 Mbps vs. CAN 1 Mbps
ïTime Triggered, deterministic behavior. 
ïRedundant system, serving safety-critical requirements. 

FlexRay leads to ógreenerô cars
ïLess cabling required leads to less weight -> CO2 reduction
ïEnabling Electrification of mechanical functions reduces weight -> CO2 

reduction
Å Electrical Power Steering [weight and power consumption], steer-by-wire, 

brake-by-wire

Automotive transceiver market
ïGrowing to 2 Bpcs by 2015  with a value of 1 BUSD in 2015.
ïFlexRay is gaining share; to 8% in 2015.
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NXP has shipped its 1st million FlexRay 

transceivers!

TJA1080 active star and node transceiver
ïThe worldôs first

ï3 years in volume production

ïEnabling the first commercial FlexRay implementation

FlexRay technology is here to stay and will be a global standard
ïJapanese standard (JasPar) included.

OEMs are increasingly adopting FlexRay technology
ïBMW X5, X6, 7-series in the market

ïFlexRay in mid-range cars as of 2012 ï2014 timeframe

ïSeveral US-based tier-1ôs starting FR projects

NXP is the undisputed #1 FlexRay transceiver supplier!
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FlexRay is steadily penetrating in the market

NXP has introduced the first fully 
conformant FlexRay products

BMW was the first to introduce FlexRay 
óon the roadô 

Currently close to 2 Million devices in the 
field in multiple car designs

JasPar consortium (Japan) also adopting 
FlexRay standards

NXP is developing a complete portfolio of 
FlexRay physical layer products

NXP is actively driving industry 
standardization of new features and 
functions

2010 Jan 15Subject / Department / Author -

12COMPANY CONFIDENTIAL

FlexRay Market Development
from bandwidth demand towards time-triggered by-wire apps

European

Premium

Japan/USA Premium

1st European volume models

Europe/Japan/USA

volume market

Vbrake-by-wire

Vsteer-by-wire 

Vchassis applications 

Vadaptive suspension

VABS/ESP 

Estimation by NXP

Vdriver assistance applications 

Vactive steering

Vdynamic air suspension

Vhybrid powertrain

Vcollision avoidance/detection


